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（Isozyme A、B、C、D、E、及び F）」（図 1）から
構成される「アルカリセリンプロテアーゼ」であ
り、基質特異性（反応特性）も多様性に富み、それ
ぞれの分子量は 23 から 30 kDa、等電点（pI）は 3. 























































































































































アイソザイムA、● :2- プロパノール、▲ : アセトン , △ :





















ペプチドを含む 245 アミノ酸をコードする ORF を
含む 1011bp、及び 246 アミノ酸をコードする ORF









　また、「アイソザイム A および C」の beta- アミ

























M E L P P G K I V G G I E A R P Y E F P W Q V S V 18
CCGAAGGAAGTCTTCTGATTCCCATTTCTGCGGAGGTAGCATCATCAACGATCGTTGGGTTGTCTGCGCTGCTCACTGCATGCAGGGAGA 270
R R K S S D S H F C G G S I I N D R W V V C A A H C M Q G E 48
GAGCCCTGCCCTGGTCTCATTGGTCGTCGGCGAGCACGATAGCAGCGCTGCGAGTACAGTACGTCAGACTCATGATGTTGATAGCATCTT 360
S P A L V S L V V G E H D S S A A S T V R Q T H D V D S I F 78
CGTCAACGAAAACTACGATCCCCGTACACTAGAAAACGACGTTTCTGTCATCAAGACAGCTATCGCTATCACCTTCGACATCAACGTTGG 450
V N E N Y D P R T L E N D V S V I K T A I A I T F D I N V G 108
ACCAATCTGTGCTCCAGATCCGGCTAACGACTACGTCTACCGTAAGAGCCAGTGTTCCGGATGGGGAACTATCAATTCAGGTGGAATCTG 540
P I C A P D P A N D Y V Y R K S Q C S G W G T I N S G G I C 138
CTGTCCCGCAGTTTTGCGATATGTTACACTGAACATCACGACCAACGCCTTCTGCGACGCCGTCTACACATCGGACACTATCTACGACGA 630
C P A V L R Y V T L N I T T N A F C D A V Y T S D T I Y D D 168
TATGATCTGCGCCACAGACAACACTGGGATGACCGACAGAGACTCCTGCCAGGGTGACTCCGGCGGCCCTCTGAGCGTCAAGGATGGCAG 720
M I C A T D N T G M T D R D S C Q G D S G G P L S V K D G S 198
CGGAATCTTCAGTCTGGGTGGCATTGTGTCTTGGGGAATTGGTTGCGCCTCTGGCTATCCAGGAGTTTACTCCCGCGTCGGATTTCATGC 810
G I F S L G G I V S W G I G C A S G Y P G V Y S R V G F H A 228
TGGATGGATCACCGACACGATCACCAACAACTAAACCGACGATGGCCAGTCAACTATAACGGACTCTTATTACCTGCAGTTAACGTTGCT 900












V R R K S S D S H F C G G S I I N D R W V V C A A H C M Q G 47
AGAGGCCCCCGCTCTGGTTTCATTGGTCGTGGGTGAGCACGACAGGAGTGCAGCGAGTACAGTACGTCAGACTCATGACGTTGATAGCAT 360
E A P A L V S L V V G E H D R S A A S T V R Q T H D V D S I 77
CTTCGTCCACGAGGACTACAACGCAAATACCCTAGAGAACGACGTTTCTGTCATCAAGACATCTGTTGCCATCACTTTCGACATCAACGT 450
F V H E D Y N A N T L E N D V S V I K T S V A I T F D I N V 107
TGGTCCAATCTGCGCCCCAGATCCGGCTAACGACTACGTCTACCGTAAGAGCCAGTGTTCCGGATGGGGAACTATCAATTCAGGTGGAAT 540
G P I C A P D P A N D Y V Y R K S Q C S G W G T I N S G G I 137
CTGCTGTCCCAACGTTCTGCGATACGTGACGCTGAATGTCACAACCAACCAATTCTGCGAAGATGTATACCCACTAAATTCAATCTACGA 630
C C P N V L R Y V T L N V T T N Q F C E D V Y P L N S I Y D 167
CGATATGATTTGCGCGTCGGACAACACTGGGGGTAACGACAGAGACTCCTGCCAGGGTGACTCCGGCGGCCCTCTGAGCGTCAAGGATGG 720
D M I C A S D N T G G N D R D S C Q G D S G G P L S V K D G 197
CAGTGGAATCTTCAGCCTGATTGGTATTGTGTCTTGGGGAATTGGTTGCGCTTCTGGCTATCCAGGAGTCTACTCCCGCGTCGGATTCCA 810
S G I F S L I G I V S W G I G C A S G Y P G V Y S R V G F H 227
TGCTGCATGGATCACCGACATCATCACCAACAACTAAACCGGAGTTATCCAGTCGACTATAACTGGAACGACTTTACCATCACGAACGAC 900










determinant）。「 ス タ ー マ ー ク 」 が サ ブ サ イ ト
（subsite）。「三角印」が自己消化サイト。
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Protease 2b (%)3a (%)
Isolated yield
  0 48
1b





a Incubated in EtOH at 37°C for 48 h
55   0
Table 2.  Enzymatic regioselective deacylation of 1 in EtOH a
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ミミズに関連する酵素類について　中島伸佳
Study on the enzymes which related to earthworm
NOBUYOSHI NAKAJIMA*
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Abstract　An earthworm, Lumbricus rubellus, produces alkaline-serine proteases that are greater 
than trypsins in their activity and stability.  The proteases which were purified from the earthworm 
were composed of six isozyme proteins.  Each isozyme consisted of a single polypeptide chain which was 
derived from the different genes.  The enzymes had activity and were stable at below 60 ℃ over a wide 
range of pH 2 ~11 and were strongly resistant to organic solvents and detergents.  Moreover, they retain 
full activity for long years (over 10-years) without any loss of the activity at room temperature.  They 
acted on various proteins such as elastin as well as fibrin, and some peptides such as beta-amyloid 1-40 
and solubilized actual fibrin clots of whole blood in a rat’s vena cava.  They also catalyzed the hydrolysis 
of various esters.  Isozyme C catalyzed also the hydrolysis of triacylglycerol.  No other lipase proteins 
were found in the earthworm cells.  The isozyme C might act on the hydrolysis of triacylglycerol as well 
as the protein decomposition.  The proteases contributed to the production of the “earthworm autolysate’’. 
The extracts of the autolysate could be used as a “peptone substitute” in media for the efficient growth of 
microorganisms.  The cDNAs encoding the proteases were cloned and sequenced.  They showed similarity 
to mammalian serine proteases and conserved the catalytic amino acid residues, however, neither arginine 
nor lysine residues were present in the autolysis region.  The gene encoding the native form of an isozyme 
protein was expressed in Pichia pastoris to produce the active protease in the culture medium.  Although 
earthworm possessed also the potent amylase and lipase activities as well as protease activity, non of the 
fiber degrading enzyme activities such as cellulase and xylanase were determined.  So, enzymological 
characterization of the fiber degrading enzymes and oxid-reductases such as stereoselective keto ester 
reductase of Actinomycete strains isolated from the fresh feces of the earthworm was investigated to 
develop the enzyme reactor system for decomposing biomass.
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